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Dark Energy Survey Collaboration
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| Built new camera for CTIO Blanco
telescope

570 Mpixels

3 deg? FOV
Facility instrument

e Five-year Survey
525 nights (Aug - Feb)

- Nov 2012-Feb 2013
Year 3 started August 2015




Survey strategy

DARK ENERGY

SURVEY

Wlde Field Survey (c. 5000 sq deq)
90 sec exposures in griz;
45 sec exposures in Y

Multiple overlapping tilings (layers) to
optimize photometric calibrations

Typically 2 survey tilings/filter/year

Supernova Survey (c. 30 sq deq)
+ 150-200 sec exp’s in griz (shallow)
200-400 sec exp’s in griz (deep)

Many repeat observations

Supernova vs. Wide-Field
Observe SN fields during poor image
quality or if an SN field has not been
observed in 6 nights

Otherwise do wide-field fields

* All-sky internal: 2% rms (Goal: 1% rms)
- Absolute Color: 0.5% (g-r, r-i, i-z); 1% (z-Y)
 Absolute Flux: 0.5% in j-band

SN “C"” fields

Credit: William Wester
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.....................................................

Science Verification

Overlap with the South Pole Telescope Survey (SPT)
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DES SV WL results
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DES SV WL results

Redshift distribution inferred via
six methods:

3 Machine learning methods
1 model-based approach
2 direct calibrations

Weak Lensing Sample (NGMIX)

0.3 < z;)f.lr).’_L‘:-‘.f.'_rJ.u"'\"-r'F <1.3

weighted n(z) spec
—— ANNZ2
BB
—— SkyMNet
T— TPz
Cosmos

n(z)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Redshift ()

DES 5V -WL sample  Validation sample

Spectra .72 (weighted) (.64
ANNZZ .73 (.65
SKYNET .73 (.65
TPZ (.73 (.64
BPE .71 (.64
Matched COSMOS (.70

Bonnett, Troxel, Hartley, Amara & DES (2016)



DES SV WL results
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Test-2a VVDS-Deep Validation
0.3 <z, <0.55  n,, =565 0.55 <z, <0.83 n,,, =845 0.83 <z, <1.3 n,, =812
Z-5pec
—— ANNZZ
- —— BPZ
3 —— SkyMet
2 — TPZ
o0 02 04 06 08 10 12 14 18 1800 02 04 06 08 1{II 12 14 16 1800 02 04 06 08 10 12 1.8
Redshift (=
O Ll LR LAb) LU LAl Lk L LA LA LU L) b LA LA LA L L g
| & ANNZ2 -Test 22 1 0.75
| ¢ BPZ ? . ] 3 0.50
. . 03 & SkyNet ] 1025
Four photo-z codes, validated against L ez ‘ 1 B
R ) i g .
spectra. a2 L il ] §0.75
— i - T 1 3 0.50
: . i : % % : o {025 §
Dispersion — prior on a nuisance param., . ot ? ] g0 2
i - ; 0.7
0<z> 4 o | I 1 1050 "
0.0 | .} 1 l } 3025
. [ 1 8 0.00
(one param. per tomo bin) b : : o
j 0.25
—0.2 bbb bbb b b bbb bbb = | d 0.00
Non-tomo. 11 22 33 12 13 23 09 1.0 11

Bin pairs o5/ og(spec)

Bonnett, Troxel, Hartley, Amara & DES (2016)



DES SV cosmology results
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1.4

! !
CMASS fo,
Planck Lensing
DES-SV
CFHTLenS H13
X-ray Clusters
Planck TT+low P

1.2

—
—
—
—
—
()

1.0

0.6

04 | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7

The DES collaboration (2016)



DES SV

cosmology results
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— Fiducial DES SV cosmic shear
— No photoz or shear systematics
_ No systematics
No tomography
" No tomography or systematics
. £to-, bandpowers, no tomo. or systematics
L - — PolSpice-;, bandpowers, no tomo. or systematics
= Without shear bias marginalisation
——————im3shape shears
— Without photo-z bias marginalisation
— TPZ photo-zs
" ANNZ2 photo-zs
T BPZ photo-zs
S No IA modelling
e Linear alignment model [As
—_— Tidal alignment model [As
Marginalized over [A redshift power law
—— Marginalized over [A redshift power law with 4 =0
— Without small-scale cuts
_ OWLS AGN A k)
e OWLS AGN A k) w/o small-scale cuts
e CFHTLenS (H13) original conservative scales
L CFHTLenS (H13) modified conservative scale
— 1 CFHTLenS (K13) all scales
- { CFHTLenS (K13) original conservative scales
— CFHTLenS (K13) modified conservative scale

Planck Lensing
s CFHTLenS (H13) + DES SV
L Planck (TT+ LowP)
== Planck (TT+LowP)+ DES S5V
=l Planck (TT+EE+TE+Low TT)
== Flanck (TT+LowP+Lensing)
L Flanck (TT+LowP+Lensing)+ext

|
0.6 0.8 1.0 1.2 1.4
Sy =0y (Q /0.3)"°

m

o
(9T02) uoneloge||0d S3A 8yl
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DES Y1 strategy
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Az =< Ztrue ~ — < Zred >

Input data

Cross-

DES Wide /

correlations )

fluxes/positions
COADD/ MOF /

Machine
learning PZ
Red

magihmapper dN/dz
catalogs /
External
incomplete / (" Templates 1
spectroscopic flux(type,z)
fields (e.g. VVDS, dN/dz J
SDSS)

/

1 Validation data
Make “DES”
like
DES fluxes for
complete external
“truth” fields
(COSMOS, etc.) and
multi-band photo-z
Recalibrated
30-band P(z]

spec)

Estimate <z _pred> per
tomographic bin and
<z true>

Consistent / Combine
P(Delta z)

Samples of posterior
P(z|Delta_z, X)

Plan as of Oct 2016

Cosmological
codes

11
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DES Y1 strategy
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Input data

DES Wide /

fluxes/positions
COADD/ MOF /

Red

magic/mapper
catalogs /

External
incomplete
spectroscopic

fields (e.g. VVDS,
SDSS)

Plan as of Oct 2016

Az =< Ztrue ~ — < Zred >

- ) Validation data
ross-
correlation Make “DES”
like
DES fluxes for
complete external
“truth” fields
achine (COSMOS, efc.) and
learning PZ multi-band photo-z
dN/dz
Sy Recalibrated
30-band P(z|
spec)
emplates Estimate <z _JJrgd> per
flux(type,z) tomographic bin and
dN/dz <z true>
~——————

Samples of posterior
P(z|Delta_z, X)

Consistent / Combine
P(Delta z)

Cosmological
codes

12



<'{ DES Y1 strategy
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Az =< Ztrue = — < Zred >
Input data o
- ) Validation data
ross-
[ correlations

DES Wide

fluxes/positions

COADD/ MOF / —

|
Machine (COSMOS, efc.) and
Red learning PZ multi-band photo-z
: dN/dz
?aatgggr:a i / Recalibrated
30-band P(z|
spec)

imtg::m / (" Templates ] Estimate <z _JJrgd> per
spectroscopi flux(type,z) tomographic bin and

iglds (e.g. VWDS, / dN/dz J <z true>
SDSS)

Consistent / Combine Samples of posterior
P(Delta_z) P(z|Delta_z, X)

Plan as of Oct 2016

Cosmological
codes

13



Machine learning in DES Y1
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35— DES PHOTO-Z (0.2<DNF MEAN_7<0.43) 35 DES PHOTO-Z (0.43<DNF MEAN_Z7<0.63)
Three codes: o i

0.5) & g
DNF (Juan de Vicente) 085 73 —— T 0 %85 53 - T 70
ADADbOOSt (Ben H0y|e) 50— DES PHOTO-Z (0.63<DNF MEAN_Z<0.9) ,5—DES PHOTO-Z (0.9<DNF MEAN_Z<1.3)
HLF (Markus Rau) - —
Trained with all available
spec-z, except those in COSMOS

15 2.0 0'8.0 0.5 15 2.0

0'8.0 0.5 1.0 1.0
Redshift Redshift

Only one code pushed through the
full validation (DNF)

— Problem of obtaining representative spectra remains

14



BPZ; SV - Y1
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Weak Lensing Sample (NGMIX)
0.3 < Zphot_SkyNet < 1.3
weighted n(z) spec
— ANNZ2
SV. —— BPZ
—— SkyNet
) ) .. ) S T U
Models used to infer redshift distribution = —— Cosmos
are limited
— biases, peculiar features

0.0 0.2 04 0.6 0.8 1.0 12 1.4 1.6 1.8

Redshift (2)

2-0 1 1 1 L L
— SVA1 Gold NGmix — BPZ templates, 0.3 <z <1.3
= = BCC-UFig matched with NGmix
1.5}
1.0
te
|
&
0.5+
0.0} ﬁ
-0.5

0.5 0.0 05 1.0 15 2.0 2.5
g—T

(9T02) S3Q % elewy ‘AsjueH ‘|9xoll ‘nauuog

—_
(&)



BPZ; SV - Y1
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Weak Lensing Sample (NGMIX)
0.3 < Zpn0t_sryvee <1.3
weighted n(z) spec
—— ANNZ2
SV. —— BPZ
—— SkyNet

Models used to infer redshift distribution
are limited

— biases, peculiar features
Replicate in image simulation data

— derive correction: Az = 0.05

n(z)

0.0 0.2 04

2.0

0.6

0.8

1.0

Redshift (2)

12

Cosmos

1.4

1.6

T T
— SVAL Gald, 0.35 <23p, <0.45
= = BCC-UFig, 0.35 <zpp; <0.45

T T T
— BPZ templates, 0.3 <z<1.3
=== BPZ templates, 0.35 <z <0.45

1.5+

1.0+

0.0-

-0.5

-0.5

0.0

1.5

2.0

2.5

1.8

(9T02) S3Q % elewy ‘AsjueH ‘|9xoll ‘nauuog

—_
(o))



BPZ; SV - Y1
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Y1:

— correct templates for z
(PRIMUYS)

Flux / mag. offset

— train prior with complete data 2] SgSe fEAT E¥TEN
(COSMOS) 03 | Shc template

* mag. difference

0.4 3.000 3500 4000 4500 5000 5500 6000 6500 7000
Rest-frame wavelenqgth
3500 " spec-z
3000 NBPZ-Sv CIE
NBPZ - Y1 Q
2500 Q
— nheed careful cross-calib w. cosmos etc. 2000 é
1500 E
— what is the best base SED set? 8
500 \C<D
00 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0 1.1 1.2 1.3 17

z



Y1 validation strategy: clustering-z
(- Ramon’s talk)
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25000 . T T T
photo_z <z> pdf bin=0.238
- plhcto_z_corrected <z>_pdf bin_corr=0.241
] Eﬂzz Correcte median_pdf bin=0.239 |
Tracer sample: redMagic (Rozo et al., 2015) R Tﬁ median paf bin_corr=0.242
<z> clustz=0.242+-0.001
§ <z> clustz_corr=0.242+-0.00
. 15000+ 4
— calibrated and tested vs SDSS spec-z i
(Lead: Ross Cawthorn) = 10000} ﬁ i
5000F J Ei
— systematics and estimators tested in sims W
(Leads: Marco Gatti, Pauline Vielzeuf) o ® ¢
5000 Ol.l 0|.2 0|.3 IJI.4 0|.5 OI.G OI.T
Z

1st tomo bin

2nd tomo bin

3rd tomo bin

Principal systematics: PDF shape, bias evol.

bias evolution | 0.02 (0.014) 0.01(0.011) | 0.008 (0.009)
Red magic 0.009 (0.007) | 0.001(0.004) | 0.001(0.002)
photo-z

Results for BPZ:

photo-z shape

0.011 (0.009)

0.012 (0.008)

0.004 (0.011)

(...) averaged over 3 codes — BPZ, DNF, ADAboQSt mean-matehing| 0005 0.005 0.005
J:;?Lf:}e) 0.025 (0.019) = 0.016 (0.015) = 0.010 (0.015)

18



Y1 validation strategy: clustering-z
(- Ramon’s talk)
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:

Bin WZ shift W 0» »
&9

1 114E-02  2.60E-02

? -1,95E-02  2,20E-02

¥ 1,00E-04  2,20E-02

Lead: Chris Davis

= BPZ

1— corrected
| ® WZ
""""T'"{"f'T"+'"'*‘*“*"*"T"i"*’hT:
H} A
:

19



Spectroscopic incompleteness I
(- Will's talk) B St
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E ) r..j 3
‘Good’ cells (high completeness): .
< z (cosmos) > — <z (spec.) >=0.01
o
C'% ©
‘Bad’ cells (low completeness):.
< z (cosmos) > — < z (spec.) > =0.03 2 3
Offsets ~ level of expected sample variance ® "
for VVDS Deep, COSMOS. 78 . @ o
;;i.- o

WDS De._ep I::l:rm-pleteness

VVDS De._ep cuni-pleten ess

H

VDS Deep cn-m:pletenefss

(9T02) ST ® eJewy ‘A9jeH ‘|axol] ‘Nauuog

20



Spectroscopic incompleteness
(- Will's talk)
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Leads: Will Hartley, Chihway Chang

Bias in mean redshift due to
incompleteness

0.00 4

Y1l

—0.02

- within SV budget

—0.04 A

SV

— ~ to total budget for Y1
in 3 bins

—0.06 -
0.2< z <043
—0.08 4 0.43< z <0.63
e (0.63<z<09
e (09<z<1.3

Bias in mean z (True z)

— greater than allowed in
highest tomo bin

—0.10 A

—— T
SPTIEI

welghted

T T T T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0
Flag limit

— Is this situation recoverable? (e.g. via culling bad data)

- Will we be able to use spec-z for precision cosmology validation in future?
21



Y1 validation strategy: COSMOS
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- COSMOS PDFs rescaled (a la Bordoloi et al., 2010)
- Random sample of 200,000 science objects chosen.

- COSMOS DECam photometry degraded (and
perturbed) to reflect each object’s image depth.

- COSMOS object selected to match target (in
flux, flux error and pre-seeing size).

— Redshift drawn from (rescaled) COSMOS PDF.

0.0025

0.0020 |

0.0015 |

0.0010 |

0.0005

0.0000

0.030

0.025 -

0.020

0.015 |

0.010 R

0.005

0.000

| I
=] Cosmos
% - o« Science sample
Resampled Cosmos

-, |

1 ., O '

1 -
4 1 | |

|
500 1000 1500 2000
FLUX MOF 1

T 1 |
] Cosmos

% = o Science sample =

Resampled Cosmos

.--'-q_“___‘.

50 100 150 200 250 300
FLUXERR MOF 1

Lead: Ben Hoyle

22



Y1 validation strategy: COSMOS
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0.0025 , | ,
=] Cosmos
0.0020 % - o Science sample
Resampled Cosmos
;
—— r-i color Sims
— True-z Sims
- - - - 6
COSMOS is subiject to field-to-field var. 200 Cosmos-like patches
5 in the simulations
— significant uncert. in global mapping .
of col. —» z: and therefore in <z>
— f-to-f var. error: 1.2%
(after col-mag reweighting)
RV
0.0 0.2 0.8 1.2 1.4 1.6

“Redshift / Color

g T
.-.

[ ] --

0.000 LI : e

0 50 100 150 200 250 300
FLUXERR MOF 1

Lead: Ben Hoyle

23



Y1 validation strategy: COSMOS
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BPZ validation with COSMOS

— Not optimising PDF shape
inY1

— Not dramatically incosistent
with COSMOS

6
True-z Bl True-z
Cos Var Cos Var
5 4 MOF redshift | 5 & MOF redshift
4 4
3 tomo-bin: 0.20<z<0.43 3 tomo-bin: 0.43<z<0.63
N 1 !
1 \ / L__—-¥
%.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 00 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6
edshift edshif
6
Bl Truegz | True-
Co Cos Var

tomo-bin: 0.63<z<0.90

4 MOF redshift

tomo-bin: 0.90<z<1.30

0.2

0.4

0.6

0.8 1.0 1.2 1.4 1.6

edshif

0.8 1.0 1.2 1.4 1.6

" Redshif

Leads: Ben Hoyle, Daniel Gruen

24




DARK ENERGY
SURVEY

Bin1

bin2

bin3

bin4

total

COSMOS
resampling
stat.
uncertainty

0.0009

0.0017

0.0018

0.0030

0.0011

COSMOS

resampling
systematic
uncertainty

0.0073

0.0073

0.0073

0.0073

0.0073

COSMOS
resampling
morphelogy
uncertainty

0.0062

0.0062

0.0062

0.0062

0.0062

COSMOS
cosmic
variance

0.0073

0.0077

0.0039

0.0070

0.0047

COSMOS
photometric
calibration

0.0030

0.0040

0.0039

0.0059

0.0021

COSMOS
uncertainty
sum in
quad.

0.0153

0.0130

0.0112

0.0136

0.0109

— Are we already reaching the useful limits of this approach?

25



Current constraints on Y1 WL
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Summary of Constraints from COSMOS and WZ on Metacal

0.04 —

0.02 1 H o |
YAV -

0.00

-0.02 B H L
— COSMOS

B — T
00441 L L =— COMBINED

3 a

Tomographic Bin

in Az o)
Main sources of error: 5' 2
(comb. wz, pz) (for Gaussian prior)
- Photo-z PDF shape 1 -0.0037 0.0177
- Field-to-field var. in deep 2 .0.0171 0.0150
photometric fields

- Bias evolution in target samples 3 0.0200 0.0138

4 0.0224 0.0215

26



Outlook for Y3+
(- Gary’s talk)
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Substantial improvements needed, going from Y1 - Y3:

- Y3 has ~3x the area of Y1.
- Photo-z is already a major part of Y1 error budget!

Data: TS B S
. . e NS

~ Further photometric fields (Alhambara) B0 o S AeTE

— More spectroscopy (esp. C3R2) 3 oo e

— Larger RedMagic sample 03 *

MethOdS: o Brc;wﬁt;rilplate;

—-25 -24 -23 -22 -21 -20 -19 -—-18 —17 -—16 —15 —:].4
My

— Move to colour-space sample, tomo bin selection
- Revamp SEDs for model photo-z (urgent)
- Demand accuracy in PDF shape, not just Az

27
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=== Main Issues ==

Prediction/training/calibration:

— 1.1) Machine learning codes: What happens when the training data is not the representative of —

the science sample.

1.2) Template codes: What happens when the templates are not representative of the data.
1.3) Are the flux errors realistic enough?

1.4) Is there an optimal method to obtaining pdfs for ML?

Direct validation of redshift predictions for single galaxies and samples of galaxies.
2.1) Tests of representativeness of the validation data and the science sample data

2.3) What should we do when the spectroscopic data is not longer bias free (in redshift) and
unrepresentative of the science sample.

2.4) Do multi photometric surveys provide accurate enough redshifts, and cover large enough
area.

Data-driven validation methods

3.1) Do we trust the correlation-redshifts methods more than the color-redshift relation? E.g.
galaxy-db bias [and evolution] of samples.

Science from photo-z

4.1) How are the dndz uncertainties propagated and marginalised over. Are they characterised
with enough nuisance parameters?

4.2) How do we know trust photo-z predictions of small numbers of objects (e.g. z=7 galaxies
in a pencil beam survey!)

28
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